In this study the electro oxidation of acetylcholine (ACh) in pH 7.0 phosphate buffer solution (PBS) was investigated using cyclic voltammetry (CV) and differential pulse voltammetry (DPV) with the modified glassy carbon electrode (GCE) by Au nanoparticle decorated graphene nanosheets (Au NPs/GNs). DPV is a rapid and sensitive electro analytical technique for determination of acetylcholine in presence of dopamine (DA). Using DPV technique, the current was linear within a concentration range of 0.1-700.0 µM of acetylcholine. The detection limit of the method for acetylcholine is 0.04 µM (S/N=3). Diffusion coefficient, D, and charge transfer coefficients, α, have been determined for oxidizing acetylcholine at the modified surface. The applicability of the proposed method was shown by the successful analysis of acetylcholine in real sample.
, potentiometry [24] , colorimetry [25] , chemiluminescence [26] and photoelectrochemistry [27] . Specifically speaking, electrochemical techniques are mainly based on analyzing the relationship between determine and current, voltage or resistance. The emergence of new materials, makes it possible to build new electrochemical sensors with enhanced sensitivity and stability, which offer advantages like fast response, good portability, ease of operation, low cost and higher accuracy and low detection limit, as compared with the other analytical techniques [28, 29] .
Dopamine is vital for coordinated motion and for association learning linked to behavioral reinforcement. Dopaminergic mechanisms of the striatum are intimately involved in motor coordination, complex issues of behavioral reinforcement, and disorders such as schizophrenia and Parkinson's disease [30] [31] [32] . The striatum receives the densest dopaminergic innervation in the mammalian brain, which arises from neurons located in the substantia nigra and ventral tegmental area of the midbrain. In addition, the striatum is densely innervated by local cholinergic interneurons that are topically active and release acetylcholine. Histochemical studies have indicated that nicotinic acetylcholine receptors are expressed on dopaminergic nerve terminals in the striatum [33] [34] [35] .
In this study, production, characterization, and analytical performance of the sensor for acetylcholine is presented of dopamine including Au NPs/GNs nanocomposite on the surface of a GCE. Control of the proposed sensing method was made on real samples to be applied in the determination of acetylcholine for its critical concentration range.
Experimental

Apparatus
SEM measurements have been done with a Mira 3-XMU field emission SEM at an acceleration voltage of 15.0 kV. KBr discks on a JASCO FT/IR-460 PLUS instrument was used to record FT-IR spectra. An Autolab potentiostat/ galvanostat (PGSTAT 302N, Eco Chemie, the Netherlands) was utilized to conduct electrochemical measurements. The General Purpose Electrochemical System (GPES) software was used to control the defined experimental settings. The three electro-chemical cell system are a Pt wire auxiliary electrode, a glassy carbon working electrode (GCE, modified or unmodified), and a saturated calomel reference electrode (SCE). In order to take PH measurements, a 710 pH meter metrohm was used.
Chemicals
Acetylcholine (Sigma-Aldrich), dopamine and all other reagents were of the analytical grade, and they were obtained from Merck (Darmstadt, Germany). The buffer solutions were prepared from orthophosphoric acid and its salts over the pH range of 2.0-9.0.
Synthesis of Au NPs/GNs nanocomposite
GO is synthesized from natural graphite using a Hummers method . [36] At first, 1.0 g of graphite, 5.0 g of NaNO 3 and 5.0 g of KMnO 4 have been mixed and 50 mL of H 2 SO 4 were added to the mixture at 0°C. The suspension was then diluted with 100 mL water and reaction temperature is quickly enhanced by 90°C and maintained for 15 minutes which leads to a color change to brown. Afterward, the mixture was cooled down to 40°C for 30 minutes. Subsequently 50 mL of H 2 O 2 aqueous solution was added to the mixture until its color change to yellow and then it was cooled down to room temperature. Then, it has been washed by rinsing and centrifuging with 5% HCl and H 2 O several times. The final stable and brownish GO aqueous solution has been reduced by ascorbic acid [37] . 50 mL 20% ascorbic acid has been poured to 50 mL (0.1 mg mL-1) of an aqueous dispersion of GO via robust shaking. After adding 50 mL H 2 O, the mix was maintained for 12 h. The resulting graphene was rinsed by H 2 O and dried in 50°C before use. For synthesis of Au NPs, 2 mL of 5.0 mM HAuCl 4 was heated and 0.5% sodium citrate was added dropwise at the boiling point and continues to heat until the color change to wine red [38] . In order to synthesis of Au NPs/GNs nanocomposite, 1.0 g GNs was added to 25.0 mL Au NPs solution and then was stirred for 10 min and then filtrated. Then, it has been dried at room temperature.
Preparation of the electrode
Before the surface was modified, the GCE was cautiously cleansed using 0.3 µm and 0.05 µm alumina slurries to acquire a surface resembling a mirror. The electrode was rinsed using water upon sonication in water and ethanol continuously for 20 s. Au NPs/GNs nanocomposite has been used for covering unmodulated GCE. An Au NPs/ GNs nanocomposite stock solution within 1 mL aqueous solution has been collected by scattering 1 mg Au NPs/GNs nanocomposite and ultrasonicating for 1 hour, and a 4 µl aliquot of the Au NPs/GNs/H 2 O suspension solution has been inserted on these carbon working electrodes. The resulting product has been put aside, and the solvent has been evaporated within room temperature.
Preparation of real samples
Upon collecting urine samples, they were promptly kept in a refrigerator. 15 minute at 2000 rpm centrifugation was implemented for 10 ml of the samples. A 0.45 µm filter was used to filter the supernatant. Then, various solution volumes were put into a 25 ml volumetric flask prior to being diluted with PBS of pH 7.0 to the mark. Various volumes of acetylcholine and dopamine were used to spike the diluted urine samples. The proposed method was used to analyse the acetylcholine and dopamine contents via the standard addition method.
The sample of the acetylcholine and dopamine ampule was prepared by 1 ml acetylcholine and dopamine ampoule has been diluted to 10 mL with 0.1 M PBS (pH 7.0). Next, distinct volumes of the diluted solution have been poured into a 25 mL volumetric flask and diluted to the mark with PBS pH 7.0. The supposed method has been employed for analyzing acetylcholine and dopamine content through the standard addition method.
Result and discussion
Morphology and structure of Au NPs/GNs nanocomposite
The characterization of GO before and after the reduction has been examined by Fourier transform infrared spectroscopy (FT-IR) and SEM. As for FT-IR spectra ( Fig. 1) , the peak at 3400 cm -1 and 2 peaks emerged at 1730, 1225 and 1050 cm -1 in the FT-IR spectrum of GO relative to CO stretching, COH stretching vibrations and CO alkoxy stretching vibration ( Fig. 1A) . After reduction by ascorbic acid, the adsorption peaks at 1730 and 1225 cm -1 almost vanished that indicates removing oxygenated groups from the GO surface and largely leaves residual COC groups. Strengthening and broadening of the peak at 1550 cm -1 represents a degree of disorder and may be associated with bending graphite sheets. The band at 1640 cm -1 may be allocated to skeletal vibrations of unoxidized graphitic domains ( Fig. 1B ).
Figure 1. FTIR spectrum of GO (A) and GNs (B)
SEM micrographs of the prepared GO, GNs and Au NPs are shown in Fig. 2 . As it can be seen, GO and GNs contains thin sheets with random aggregation and crumple that is also observed with wrinkle and fold on GO surface ( Fig. 2A) and GNs (Fig. 2B) . Moreover, the SEM image of Au NPs/GNs displays that Au NPs are distributed evenly on the surface of GNs (Fig. 2C ). Au NPs with a diameter of <20 nm are homogeneously distributed in the GNs. Because of acetylcholine oxidation, that is approximately 80 mV more negative compared to the unmodified GCE, the peak potential happens at 840 mV. Furthermore, regarding acetylcholine oxidation, Au NPs/GNs/GCE exhibits more anodic peak current in comparison to unmodified Au NPs/GNs /GCE which is a sign that unmodified GCE modification with Au NPs/GNs has considerably enhanced electrode performance towards acetylcholine oxidation. Increasing electro-chemical catalytic activities of Au NPs/GNs/GCE caused by introducing Au NPs/GNs can be related to the augmented surface area supplied by Au NPs/GNs and significant electron-transfer capability of nano-materials. Additionally, Au NPs/ GNs exhibit higher level of conductivity, acceptable bio-compatibility, and rapid electron-transfer abilities. Thus, Au NPs/ GNs/GCE significantly increased transferring electron acetylcholine.
Effect of scan rate
The scan rate impacts on the oxidation peak current of acetylcholine have been examined on the Au NPs/GNs/ GCE via cyclic voltammetry. As seen in Figure 4 , intensity of the peak current is directly proportionate to the scan rate; that is, enhancement of the scan rate is followed by the increased peak current intensity. In addition, current is directly proportionate to the scan rate square root at a range of 30 to 700 mVs -1 (Fig. 4A ) that is an influential implication that diffusion controls the acetylcholine redox reaction.
Tafel plots were drawn from the data of the rising part of the current-voltage curves recorded at a scan rate of 10 mVs -1 for acetylcholine. Tafel slope of 0.1965 V was obtained, which agree well with the involvement of one electron at the rate determining step of the electrode process, [39] assuming charge transfer coefficients α = 0.6 for acetylcholine ( Fig. 4B ). 
Chronoamperometric measurements
Acetylcholine at Au NPs/GNs/GCE chronoamperometric measurements was conducted by modifying the working electrode potential at 890 mV vs. Ag/AgCl/KCl (3.0 M) for different acetylcholine concentrations as depicted in Fig.5 at PBS (pH 7.0), respectively. Regarding electro-active materials, in this case acetylcholine, with D as the diffusion coefficient, thus electrochemical reaction current at mass transport limited status is presented by the Cottrell equation [39] .
According to Eq. (1), D (cm 2 s -1 ) represents analyte diffusion coefficient, F indicated Faraday constant (96485 CM), C b shows the analyte bulk concentration (mol cm -3 ), n represents the number of electrons exchanged per reactant molecule, and A is the electrode geometric area (cm 2 ). A linear curve has been obtained from the raw chronoamperometric traces for different concentrations of acetylcholinein through drawing I versus t -1/2 (Fig. 5 A) . Then, the slopes of the achieved direct lines versus acetylcholinein concentrations have been drawn (Fig. 5 B) . Next, estimation of diffusion coefficient of 1.34×10 -6 cm 2 s -1 has been performed for acetylcholinein. 
Calibration plot and limit of detection
Acetylcholineat electro-oxidation peak currents at Au NPs/GNs/GCE surface can be utilized for acetylcholine determination within the solution. The benefit of DPV, differential pulse voltammetry is possessing enhanced sensitivity and features for analytical uses. By the use of Au NPs/GNs/GCE in 0.1 M PBS possessing different acetylcholine concentrations, DPV experimentation was conducted as presented in Fig.6 . Results indicate that for acetylcholine oxidation electro-catalytic peak currents at Au NPs/GNs/GCE surface, there is linear dependency on acetylcholine concentrations with then range of 0.1-700.0 µM with 0.999 correlation coefficient. The acquired detection limit (3σ) was 0.04 µM. 
Determination of acetylcholine in the presence of dopamine
To our knowledge, no paper has used NPs/GNs/GCE for determination of acetylcholine in the presence of dopamine and this is the first report for determination of acetylcholine in the presence of dopamine by using NPs/GNs/GCE. The two compounds were determined by simultaneously changing the concentrations of acetylcholine and dopamine, and recording the DPVs (Fig. 7) . The voltammetric results showed well defined anodic peaks at potentials of 160 and 850 mV, corresponding to the oxidation of acetylcholine and dopamine, respectively, there by indicating that determination of these compounds is feasible at NPs/GNs/GCE, as shown in Fig. 7 . 
The repeatability and stability of Au NPs/GNs/GCE
Au NPs/GNs/GCE long term stability was assessed for a period of three weeks. Prior to not using the modified electrode for three weeks while being stored at atmosphere, the tests were repeated. Based on cyclic voltammograms, there were no changes in acetylcholine oxidation peak potential with the exception of a reduction of less than 2.4% in comparison to first response. The modified electrode's antifouling characteristics regarding the oxidation of acetylcholine and relevant oxidation products were examined by recording CVs. At the vicinity of acetylcholine, upon potential cycling for 30 times at 50 mV s -1 scan rate, voltammograms were recorded. By examining the results, it is evident that there are no changes in peak potentials while there is a current reduction of less than 2.3%. Based on these results, by applying a modified Au NPs/GNs/GCE, there will be enhanced sensitivity and a reduction in analyte and relevant oxidation product fouling effects.
Real sample analysis
For demonstrating practical uses of the method presented here, acetylcholine and dopamine have been detected in acetylcholine ampoule, dopamine ampoule and urine samples at Au NPs/GNs/GCE. All the samples have been treated in accordance with the section acetylcholine and dopamine voltammetric detection. Five parallel detections have been done for the samples. Table 1 reports the results. Recoveries have been 98.0 % to 102.3 % and the RSD (%) has been less than 3.4 %. Findings confirmed usability of the method recommended in real specimens. 
